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FOREWORD

The Structures Division of the Air Force Flight Dynamics Laboratory
(AFFDL) has sponsored a Low Cost Aircraft Structure Repair and Maintenance
program under Air Force contract F33615-74-C-3101, Project No. 1368, Task
No. 136802.

The work was performed by the Los Angeles Aircraft Division (LAAD)
of Rockwell International and managed by Mr. Walter Dotseth. It was
monitored by Mr. Clark Beck, AFFDL/FBS.

This publication is a product of the fifth and final phase of the
program and includes data obtained from an industrywide literature search,
from Air Force and Navy maintenance cost reporting systems, and from
rirst-hand contacts and inspection surveys at five Air Force Air Logistic
Centers (ALC), one Military Aircraft Storage and Disposition Center,
three Naval Aircraft Rework Facilities, four commerical airlines maintenace
facilities, and six major manufacturers of military aircraft. These
inspection tours were made by Mr. W. E. Routh and Mr. R. W. Nickel of
Rockwell accompanied by Mr. C. Beck of AFFDL/FBS in 1974 and 1975.

The objectives of this program were twofold:

1. To survey maintenance facilities and current repair reporting
systems to establish high maintenance cost drivers and show,
through actual design of repair modifications, specific examples
of significant cost reduction potential.

2. To develop a design guide for structural designers tc provide
the necessary data for consideration during initial design which
will result in lower cost maintenance and repair.

The information obtained in the literature search and maintenance
facility visits plus a significant quantity of data generated by Rockwell
engineers on this program, and for other programs in years past, has been
culminated in the Aircraft Structural Design Handbook for Lower Cost
Maintenance and Repair. The results have been detailed in sections 4
through 7 of the volume. Section 4, '"Lessons Learned,'" provides numerous I
examples of high-cost maintenace items currently existing on service '
aircraft. Section 5, '"Repair and Modification Design Concepts," provides
suggested designs for modification of some of the higher cost examples in
section 4 plus other suggested typical repair designs. Sections 6 and 7
provide general and detail design considerations to follow in initial design
to prevent high maintenance costs.
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1.0 INTRODUCTION

In recent years, the operational cost of ownership of military aircraft
has reached almost twice their initial acquisition costs. This is due
largely to higher maintenance and repair costs of the system. By analysis of
data from the Air Force IROS and AFM66-1 cost reporting systems over a recent
peacetime period for 20 aircraft of all types, it was determined that
structural maintenance costs constituted 25 to 30 percent of the costs
for a total aircraft system. This verified the necessity for a program
to identify problems and provide a design guide to reduce such trends on
future aircraft and to provide guidance on means to reduce structural mainte-
nance costs on existing aircraft.

This handbook has been prepared to provide information to the designer
which can be used advantageously to improve new aircraft structure designs
as well as future modification designs for in-service aircraft. The sources
of data presented are from literature search of existing publications and
from first-hand inspection of repair and maintenance facilities. During the
course of inspection, contacts were made with responsible personnel to obtain
primary cost drivers for aircraft structure maintenance and repair. These
were coordinated with a review and analysis of computer data from the Air
Force IROS and ARM66-1 maintenance cost reporting systems. A representative
number of the high cost repair items were selected as a sampling for detail
design of modifications to verify potential to significantly reduce existing
costs.

Results of the inspection survey and the modification design effort are
included in section 4, "Lessons Learned," and section 5, "'Repair and Modifi-
cation Design Concepts.'" Sections 6 and 7 are devoted entirely to general
and detail design considerations to follow during initial design of new air-
craft structure or in design of modifications for in-service aircraft in order
to assure low-cost maintenance and repair.

The essential objective of this publication is to provide information
and guidance to aircraft structural designers on techniques to minimize
cost by proper selection of design features and repair considerations.

The information in this handbook is limited to existing types of metal
structures. This is due to the existence of other programs sponsored by the
Air Force Flight Dynamics Laboratory for the research and development of
repair and maintenance information on adhesively bonded and composite type
aircraft structures. Guidance will be provided on cost-effective design
practices in separate design handbooks.

1-1
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2.0 USE OF HANDBOOK

2.1 INTRODUCTION

This design handbook has been developed for use by aircraft structural
designers to provide information and guidance on the methods to minimize
or reduce the costs of structure maintenance and/or repair. It is organized
into specific sections to provide the reader with background information,
lessons learned, general design considerations, detail design considerations,

repair or modification design considerations, and reference to additional
information.

2.2 RECOMMENDED USE

It is recommended that the user first read the background information
contained in section 3.0 to become acquainted with the importance and magni-
tude of the maintenance and repair efforts, and their costs, associated with
military aircraft structures. This is to provide the reader with an appre-
ciation of the importance that the general and detail design elements of an
aircrafts structure can have on the cost of ownership to the user, and the
emphasis that is being placed on life-cycle costs of aircraft systems.

Section 4.0 contains a listing of '"lessons learned" by the military and
commercial airlines on some of the most frequent and chronic types of dis-
Crepencies being experienced on metallic structures. They are intended to
provide the reader with a knowledge of the types of structural design
feature that should be avoided in new systems.

In section 5.0, General Design Considerations, information and guidance
is provided on the basic structure design features that should be considered
during design concept formulacion of a new aircraft. Many maintenance and
repair problems may be avoided or reduced in the operational life of an

aircraft system by early consideration of these factors during its develop-
ment.

In section 6.0, Detail Design Considerations, information and guidance
is provided on candidate methcds and features that may be incorporated into
the detail design of aircraft structures to reduce maintenance and repair
Costs. Also contained in this section, is information and guidance on
methods to evaluate the impact of improved maintenance or repair design
features on the life-cycle cost (LCC) of an aircraft system.

2-1




In section 7.0, Repair Modification Considerations, information is
provided on the factors that should be considered in developing improved
low-cost repair or modification concepts on existing aircraft structures.

It also contains examples of some typical repair and design modification
concepts for normal operation and battle-damaged aircraft structures. These
examples are intended to give the reader an awareness of the different types
of approaches that may be considered and to stimulate his imagination in
development of repair and/or modifications for a specific problem.

In section 8.0, References, a 1listing of the data sources used for the

development of this design handbook are listed. They provide the reader
with identification on the location of additional data.

2-2
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3.0 BACKGROUND

The contents of this document are based on information obtained through
an extensive literature search, the knowledge and design capability of many
experienced structural designers and repair personnel, first-hand visits to
the USAF Air Logistic Command repair depots, several Naval Aircraft Repair
Facilities, and commercial airline maintenance centers. During these visits,
structural problem area information and repair data were obtained on the
primary types of service aircraft. These included fighter, trainer, attack,
bomber, tanker, cargo, and troop transport aircraft. The commercial airline
type of aircraft included most of the modemn jet transports.

The data obtained and used to develop this manual are considered to
represent a complete cross-section of the structural maintenance and repair
action on present military service aircraft. The growing high cost of struc-
ture repair action can be reduced substantially by the judicious considera-
tion, during initial design phase, of the serviceability aspect of the
aircraft. The major factors involved are selection of structural material,
methods of fabrication, structural assembly breakdown, joint design, mainte-
nance access, environmental protection, and consideration of maintenance
practices. Logistics of parts availability also may play an important part
in maintenance costs.




4.0 LESSONS LEARNED

4.1 INTRODUCTION

During visits to the various maintenance and repair facilities, it became
evident that, in many cases, the same design deficiencies were appearing on
current aircraft structures that have occurred on previous generations of
aircraft. In this chapter, a number of these repetitive problems are identi-
fied, so that the designers of future structures may take advantage of the
lessons learned. Solutions for some of these problems are shown in section 7.0.

4.2 DESIGN DEFICIENCIES

Problems encountered at the repair facilities were primarily design
deficiencies. They are grouped in five main categories:

1. Lubrication deficiencies (paragraph 4.2.1)

2. Corrosion protection deficiencies (paragraph 4.2.2)
3. Material selection deficiencies (paragraph 4,2,.3)
4, Detail design deficiencies (paragraph 4.2.4)

5. Fatigue design deficiencies (paragraph 4.2.5)

4.2,1 LUBRICATION DEFICIENCIES
1. Main landing gear trunnion and pin

Problem: Galling and corrosion were found frequently on MLG lower
trunnion bearing and pin surfaces. (See figure 1.)

Cause: Drainage of dirty water thrown up by the MLG wheels, from
the forward face of the aft bulkhead and support fitting, entered
the trunnion bearing surfaces through openings on the upper surface
of the trunnion fitting and settled in the small gap between the
pin and trunnion on the lower side. The water carried grit which,
during taxiing and takeoff/landing operations on rough runways,
eroded the chrome surface of the pin and the unprotected surface
of the trunnion. (Refer to section 7, paragraph 7.3.1 for
solution.)

4-1
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2. Moisture retaining bushings - MLG strut

Problem: Corrosion was found around Teflon bushings in the main
landing gear strut.

Cause: The bonding material for the attachment of the Teflon

bushing to metal strut is porous and retains moisture that permits
corrosion to occur.

Lubrication provisions - horizontal stabilizer bearings
Problem: Horizontal stabilizer bearings were found to be corroded.
Cause: Only two grease fittings were provided to lubricate a large

diameter bearing, making it very difficult to force out old
moisture-contaminated grease all around the bearing.

4.2.2 CORROSION PROTECTION DEFICIENCIES

1.

Inner to outer wing joint ribs

Problem: Severe surface corrosion has been encountered in the
upper wing joint bath tub pockets for the attach bolts. The bolts
and nuts have also become corroded, This condition is prevalent
primarily on the upper bolting rib caps. (See figure 2.)

Cause: Leakage of water and anti-icing fluids around the cover
fairing allows moisture to collect in the pockets of the bolting
fittings. No provision exists for sealing, drainage, or drying
of the area. (Refer to section 7, paragraph 7.3.2 for solution.)

Galley, lavatories, and urinal areas

Problem: Moisture migrates into the aircraft structure under the
galley, lavatories, and urinal areas of various aircraft, causing
corrosion of the seat and cargo tiedown tracks, floor beam caps,
and supporting structure. Usually, these areas could not be
inspected without removing permanent floor panels or external skins,

(See figure 3 for a typical urinal installation in a bomber
aircraft.)

Cause: Leakage or spillage of water or corrosive fluids is not
prevented from seeping into areas where corrosion of structural
members will occur. (Refer to section 7, paragraph ¥.3.3 for
design solution.)
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Figure 3.

Typical Urinal Installation in a Bomber Aircraft
for Clarity
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Rain removal nozzle

Problem: Severe corrosion of a rain removal nozzle required
frequent replacement. (See figure 4.)

Cause: There are two causes to this problem. The first is that
the nozzle is constructed of magnesium material which is very
susceptible to corrosion. The second is that the nozzle is mounted
in the aircraft just forward of the windshield and flush with the
outside mold line of the fuselage. This left the air outlet end of
the nozzle exposed to rain, salt spray, fog, etc. Moisture entered
the air outlet opening and ran down inside the nozzle where it
collected and allowed corrosion to occur.

Cockpit canopy longeron

Problem: Chronic corrosion of cockpit longeron under a phenolic
filler plate has been experienced. (See figure 5.)

Cause: The phenolic filler plate is bonded to an aluninum longeron.
Moisture enters the fibers at the edge of the phenolic filler and
propagates into the bond area where it is trapped in small voids
and corrodes the metal.

Vertical stabilizer attach bulkhead

Problem: Cracking of a steel forged bulkhead for the vertical
stabilizer front spar attachment was found to frequently occur.

Cause: Water becomes trapped in a pocket where the stabilizer front
spar is attached. The travped water freezes during flight and
contributes to crack develc yment. :

Rudder upper hinge support

Problem: Frequent corrosion of rudder hinge upper support.
(See figure 6.)

Cause: Entrapment of moisture, due to omission of drainage
provisions, and 7075-T6 aluminum material combine to cause
corrosion.

Main landing gear strut door
Problem: A fighter aircraft main landing gear strut door was found

to experience frequent corrosion ‘and cracking of the structural
elements.

PO TN
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F gure 4.

Corrosion of Rain Removal Nozzle
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trut door main framework casting and
caused by moisture being soaked up and
-place filler material (REN).

inner and outer skins was
trapped by the foamed-in

Stabilator lower skin at joint rib

b 8. Fail-safe Strap - fuselage lower centerline

g

' Problem: Corrosion of fail-safe strap and lower fuselage skin at

g lower centerline. See figures 7 and 8,

f Cause: Fail-safe aluninum strap is bonded to aluminum fuselage skin
E with a cold bond material. Bonding material cracks and allows

$ moisture to enter the faying surface and become trapped, which

3 Causes corrosion to develop.

4 9.

| " Problem: Corrosion of a stabilator lower skin was found to occur
3 at the rib attach point, See figure 9,

b Cause: Aluminum skin corrodes due to inadequate moisture drainage
! Provisions and skin joint sealing,
3
}

10. Rudder root rib

Problem: Root rib

at base of a rudder fitting was frequently
i found corroded.

Cause: Type 1048 sealant was used which hardens and pulls away from
. edges. This allowed water
iR

to enter and induce corrosion of the
~ root rib,

/

4.2.3 MATERIAL SELECTION DEFICIENCIES

R :

31

1. Wingtip fold rib

Problem: Failures of wingtip

fold lower aft locking lug are being
experienced. (See figure 10.)

ek b e

Cause: Fatigue and stress

corrosion cracking due to high stress
loads and moisture,

2, Wing spar inboard section

Problem: Cracks are being experienced in re

ar inboard wing spar
section. (See figure 11.)
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Cause: Stress corrosion cracking due to characteristics of
7078-T6 material.

Wing attach fitting

Problem: Cracks are frequently found around bushing area in a
wing attach fitting,

Cause: Stress corrosion cracking caused by press fit bushing
installation,

4.2.4 DETAIL DESIGN DEFICIENCIES

1.

L : b e b b e e
i 4 L
G el i b e e e L

Engine tailpipe clamp

Problem: The component is a Marman-type V-section clamp which
Couples the engine tailpipe to the aft flange of the engine case.

It has a long history of breakage. When this occurs, the tailpipe is
forced aft by the jet exhaust and jams the opening in the fairing
aft end causing hot jet exhaust impingement on the primary structure.
Damage to the structure usually occurs by reduction of material
strength; however, the extent of damage is difficult to determine.
Usually the structure is replaced when in doubt. (See figure 12.)

Cause: Upon initial installation, the clamp is tightened to a
specified torque (100 to 110 inch-pounds), loosened, then again
tightened to a lower torque (25 inch-pounds). After a few flights,
the clamp is found to be loose and is again tightened. This can
occur several times until finally the Clamp breaks. Due to the
differential thermal expansion during heatup, the clamp, if com-
Pletely tight, will experience some yielding. If continually
tightened after this occurs, the clamp will continue to yield

until it finally breaks. (Refer to section 7, paragraph 7.3.4
for solution.)

Engine cowl door hinge fitting

Problem: The powerplant cowl door hinge fittings at each end are

experiencing structural failure, This failure occurs in the small
radius flange area closest to the cowl door. The crack on the cowl
hinge fitting extends diagonally across the inner fillet radius for

approximately 3/16" and is readily visible to the naked eye.
figure 13.)
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Figure 12. Tail Pipe Clamp Installation

4-17




L oy T

CRACK AREA

e 4t s A

Engine Cowl Door Hinge

| § Figure 13.




Cause: One of the more apparent causes of
overextending the cowl door during servicing. This overextension
allows the adjacent cowl structure to bottgm out against the hinge
fitting, thereby inducing bending stresses capable of failing the
area in question. Another factor capable pf causing the cracked
hinge fitting failure is excessive loads induced by wind gust when
the door is in its open position. A tension load in the hinge fitti
may also result from the open position strut geometry.

section 7, paragraph 7.3.5 for solution.)

e cracked fitting is

3. Wing slat actuator doors |

Problem: High maintenance man-hours are being expended at opera-
tional bases on the doors in replacing failed parts in the
mechanism and trying to keep the doors adjusted for proper align-
ment with the opening in the wing structure. Failures are
occurring in the spherical head adjustment fittings due to a
tension failure at the base of the head or by pulling the threaded
insert out of the slat track fitting into which they attach.

(See figure 14.)

Cause: The cause of these failures has been analyzed as excessive
load induced during slat retraction when the door is misaligned
and catches on the wing structure before the slat has completed
its retraction. Misalignment can occur from the following:

a. Initial maladjustment

b, Airload deflection

c. Excessive play in the mechanism

d. Slippage of the ball joint fittings relative to the door, as
a result of loose bolts which nommally clamp them to the

door through a slotted hole and a friction pad.
(Refer to section 7, paragraph 7.3.6 for solution.)

4. Nose gear single drag link
Problem: Failure of a nose landing gear single drag link.
Cause: Insufficient strength margin for hard landings and off-
runway operations. With no backup link, the nose gear collapses
causing extensive structural damage.

5. Wing skins - stress concentration
Problem: Cracks have been found in the upper and lower wing

skins at the inboard end. (See figure 15.)
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Figure 14. Typical Wing Slat Actuator Door Installation

4-20




U1LYS dury ur sy9
I {orl)

) ANDT ]




6l

Bl AR I B R S i+ e RS W S R

P B e L e D 5

10.

Cause: High stress concentration points caused by small
inside comner radii.

Main landing gear uplock support

Problem: Main landing gear door actuating linkage and uplock bumper

are difficult to keep in rigged adjustment and requires trequent
inspection and maintenance action.

Cause: Linkage mounting bracket material is too thin, allowing

bending and subsequent misalignment to occur.

Nose landing gear

Problem: Nose landing gear on V/STOL aircraft experiences frequent

failures to attach point to fuselage.

Cause: Absence of a nose landing gear drag brace strut permits

excessive loading of attach point.
Bonded skins - vertical and horizontal stabilizers

Problem: Fiberglass skin on vertical stabilizer, and aluminum skin

on horizontal stabilizer frequently separates from arrowhead shaped
aluninum leading edge.

Cause: Moisture enters joint between arrowhead shaped leading edge
and sk1n allowing debonding to occur.

One-piece sculptured metal skin

Problem: One piece aluminum-fuselage sculptured skin found cracking
at flanges,

Cause: The root rib at the side of the fuselage has a compound
curve (swarf) contour plus a dihedral break machined into its wide
flanges. The spars lie on a chord percentage line and thus have
constant bevels on their flanges. Mismatches in the root rib to the
spar and skin when pulled together by fasteners result in consider-
able residual stresses being induced into the flanges which cause
cracks to develop.

Windshield edge attach holes

Problem: Windshield frequently found crazed and cracked at edges of
attach holes.




11.

Cause: Bird-resistant windshield made from polycarbonate, with no
acrylic cladding or other protective coatings results in cracks
from the edge attach holes, or crazing due to contaminantc.

Fuselage access panel

Problem: [xcessive man-hours required for removal and reinstallation
on fuselage access panel. Panel is installed with 134 fasteners, of

which there are 10 different types of fasteners and 31 different
sizes.

Cause: Lack of adequate design considerations for maintenance and
logistics.

4.2.5 FATIGUL DESIGN DEFICIENCIES

1.

Nacelle aft cowl doors

Problem: An engine nacelle aft cowl door is experiencing structural
failure of its longitudinal vane assembly and associated inner and
outer cap angles. The failure is in the form of fatigue cracks in
the vane assembly and in the corners of the cap angles. Damage in
the form of delamination of the honeycomb core has also been found
in the area of the outer vane assembly attach members.

Repair of the damage is tedious and, if extensive enough,

requires special tooling to maintain door configuration during
repair. Accessibility is the prime problem encountered in repairing
the area. Replacement or repair of the vane assembly and caps from
either end of the cowl door is limited by how far a men can reach
into the openings. Repair beyond the end areas requires extensive
door disassembly at a major repair depot.

The outer honeycomb panel is not removable and repairs must be
effected from the inner surface. This is hampered by a lack of
easily removable sections of structure to expose the damage. (See
figure 16.)

Cause: Repeated cycling of the inne' and outer door panels, due to
airloads and engine sonic vibration, causes working of the vane
assemhlies and their inboard and outhoard attach members resulting
in fatigue cracks.

The constant tension load in the vanes also causes delamination of
the honeycomb panel at the vane outer attach member, which is bonded
integrally into the honeycomb panel. (Refer to section 7, para-
graph 7.3.7 for solution.)
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Engine Nacelle Aft Cowl Door

Figure 16.
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Fuselage fuel tank cavity liners

Problem: Fatigue cracks have developed in the aluminum floor and

sidewall skins in four of the fuselage fuel tanks. The cracks
tend to develop laterally along skin to frame riveted joints and
propagate into the areas between the frames. (See figure 17.)

Cause: Fuel loads, due to surge, hydrostatic pressures, maneuvers,
etc, in conjunction with shear and vibration loads from the engines,
cause repeated cycling of the skins between frames until cracks
start to form in aluminum material. (Refer to section 7, para-
graph 7.3.8 for solution.)

Stabilator midspan joint rib

Problem: Fatigue failure of aluminum stabilator mid-span joint

rib. (See figure 18.)

Cause: Rib receives fairly high temperatures from engine exhaust,

and also a high frequency of stress cycles from aerodynamic and
sonic vibration loads. The aluminum rib is attached to the inboard
section of the stabilator constructed from titanium honeycomb, and
to the outboard section made from aluminum honeycomb. The joint
rib is subject to stresses from differences in materials, thermal
expansion as well as bending loads, and also is subjected to
moisture and corrosive gases.

Wingtip intemal rib

Problem: Failures are experienced on a wingtip internal sheet metal
rib. (See figure 19.)

Cause: Fatigue failure caused by omission of a stringer tie allows
the skin to diaphragm under aerodynamic load and induce bending
fatigue of rib flange.

Engine air inlet cowl web

Problem: Numerous cracks of an engine air inlet cowl web are being
experienced. (See figure 20.)

Cause: Fatigue failure caused by sonic and engine vibration loads
on sharp edge of chem milled beaded area.
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Fuselage Fuel Cavity Liner Skins

Figure 17.
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EDGE OF CHEM-MILLING

Figure 20 Cracks in Engine Air Inlet Cowl Web
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6. Main landing gear wheel axle
Problem: Main landing gear wheel axles are found cracked.
| (See figure 21.)
Cause: Type 4130 steel axle cracks on upper surface near inboard
£ bearing from stress corrosion due to residual tensile stresses (up
to 50K).
;’ -
\\
Qf,_ |
4-30 ‘ '




Figure 21. Crack in MLG Wheel Axle
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5.0 GENERAL DESIGN OONSIDERATIONS

5.1 INTRODUCTION

This section contains general information on the candidate design
techniques for low-cost structural maintenance features that may be
incorporated into new aircraft systems. They represent only those techniques
identified during the research conducted for the development of this design
handbook and are presented as examples of some of the means to minimize
maintenance costs. They are intended to provide designers with an apprecia-
tion of the means to reduce the cost of ownership to the Air Force. It is
the responsibility of the structural designer to evaluate the potential
problems for each specific aircraft system and to apply sound design judg-
ment in the selection of the most effective combination of design features.
The basic areas of consideration are contained in the following paragraphs.

5.2 MATERIAL SELECTION

Use commonly available materials where possible such as type 321 or
17-4PH CRES and 2024 aluminum alloys that have good fracture toughness charac-

~ teristics and fatigue resistance,

5.3 STRUCTURAL ASSEMBLY ARRANGEMENTS

e Production breaks Use mechanical joints, and limit sections
to shippable sizes.

e Field breaks Use removable-type fasteners, and locate

joint for convenience of removal and
replacement in service.

5.4 AIRCRAFT SUBSYSTEM INTERFACES

1. Provide Teflon-coated rub strips where movable control surfaces seal
against the body.

Vibration damping material, wnich resists moisture, should be used
on thin control surface skins to prevent fatigue. Skin on one side
of flight control surfaces should be removable for inspection and
repair of intemmal parts.

2.

5-1
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3. The landing gear wheel well areas and doors are extremely
vulnerable to splashed mud and water. All exposed areas should be
vell protected to prevent corrosion, and all closed compartment
doors should be sealed to prevent moisture entry,

4. Special care should be taken in landing gear wheel and strut wells

to protect all areas from moisture and corrosive materials used on
runways for snow and ice removal,

5. Give special consideration to sheet metal around gun bays and engine
cowls where high vibration promotes fatigue cracking.

6. Armament gun bays should be so located that gun clip and case exits
will not permit entry of ejected material into the engine inlets,
thus becoming foreign object damage (FOD).

7. Assure adequate purging of corrosive gun gases in the gun bays and
ammmition storage areas.

5.5 REMOVABLE AND HINGED DOORS, RADOMES, AND ENGINE COWLS

1. Design fastener holes sufficiently oversize to prevent loading the
door under 1G static condition and to permit their easy grownd
removal and re-installation.

2. Provide hold-open devices on hinged doors which restrain the panel
from racking and failing hinges.

3. Fastener hole pattems should be tooled for interchangeability,
Provide, as a minimum, a weather seal of cured-in-place sealant
with adequate land all around access door jams on external surfaces.
Provide adequate access doors in structure for inspection and repair,
and for possible future equipment installation modifications.

4. Provide adequate adjustment for alignment of latches on hinged cowl
r4nels and doors.

5.6 CREW, PASSENSER, AND CARGO PROVISIONS

1. Provide nohcorrosive pans arownd relief tubes, urinals, lavatories,
and galley to prevent spilled liquids from contacting structure.
Provide holders for coffee Cups in crew area, and locate where
spillage will\not contact electrical equipment.,

2. Soundproofing and insulating materials below floors should be
separated from structural walls with standoffs to permit circu-
lation of air and prevent moisture retention.

5-2 N\
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Provide hot air ventilation to areas below the cabin floor te keep
the structure dry and free from moisture retention. "

5.7 SEALING AND ORGANIC BONDING

5.8

1.

2,

3.

Seal all exterior skin joints with sealing compound to prevent
moisture entry and subsequent corrosion.

Sealing compound should be one which remains flexible and does not
crack or shrink,

Use sealants in fuel bays which do not regress to a liquid state fram
prolonged exposure to fuel or environmental variations.

All exposed honeycomb core edges should be sealed.

Structural joining by organic bonding should not be used in low sump
areas where moisture can collect. Cracks in the bonding can trap
moisture and permit corrosion to occur.

Assure that organic bonding material used can withstand expansion
and contraction of structural material joined, without cracking
or disbonding,

QORROSION PREVENTION

1.

2.

3.

Paint joining areas of all detail parts prior to assembly; then
paint all areas after assembly with polyurethane paint.

Assure good ventilation of compartments in lower extremeties of
structure to prevent continuous moist environment.

Assure good drainage paths of all compartments not sealed for
pressure or fluids.

Prevent insulating material from contacting metal skins where
condensation can be soaked up.

Where dissimilar metals are joined, an insulating layer of non-
wicking material should separate them to prevent fretting and
corrosion conditions.

Do not use phenolic impregnated fabric materials as exterior surfaces
where moisture can be wicked to metal surfaces and cause corrosion.

5-3
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FASTENERS
® Use standard types

® Limit variations of sizes

® Quick acting fasteners

® Taper-Lok

5.10 SPECIAL DESIGN CONSIDERATIONS

e Compartmentation

® Panel size

® Duct and shaft removal

® Cast or forged parts

® Transparencies

Design all fittings and high stressed

without having to remove other ma
replacement parts.

Avoid special types were possible,

Use one size and length on removable
panels,

Use stud retention type with self-
aligning nut reccptacles.

Use only where other fasteners cannot
meet fatigue requirements.

Provide access to all compartments for
periodic inspection and repair,

Limit bonded sandwich panel size to 4

x 10 ft for repairability in existing
autoclaves.

Provide for removal of system ducts
and shafts for repair or replacement
without major disassembly of structure.

Make from sheet metal, where possible,
for repairability.

Design for interchangeability and
easy replacement, especially
windshields.

parts for removal and replacement

jor structural elements or fabricate special




6.0 DETAIL DESIGN CONSIDERATIONS

6.1 CONSTRUCTION CONCEPTS

6.1.1 SKIN-STRINGER CONSTRUCTION

Rib or frame flanges - Attach to stringer with a clip, and allow
sufficient room in the flange width and rivit spacing from bend
for installation of a repair angle.

Stringer clips - Use at least one gage heavier than rib or {rame.
Provide access for replacement.

Cutouts for stringers - Provide 60° by 3/8 flange around cutout
unsupported areas.

“CULPTURED PLATE

...20w generous fillet radii at base of upstanding stringers to prevent
cracking.

Allow sufficient stringer height and skin pad width for repair of
cracks.,

Avoid sharp steps in thickness of skin.

Allow generous radii in plate edge trim, where change in trim resulting
in reintrant angle greater than 30° is required.

SANDWICH PANELS

Keep panel size within capability of depot repair facilities (not over
4 by 10 feet). Seal complete panel to prevent moisture from entering
and freezing, which disbonds face sheets.

Close out and seal all exposed edges to prevent corrosion.

Avoid sharp steps where face sheet thickness changes occur.

FORGINGS

Avoid sharp machined fillet radii.

® Avoid stress corrosion prone materials,

6-1




Design forgings to be replaceable without disassembly of other
major structure.

Avoid thin attachment flanges.

Avoid pocket recesses which form moisture traps in installed position,
or provide moistureproof seals to protect recesses.

CASTINGS

Do not use for primary structure.

Avoid thin webs and flanges.

Avoid sharp fillet radii.

Do not use where inspection access is unavailable.

Assure drainage of all pockets and wells in installed position

where complete sealing is not practical.

TRANSPARENCIES

Refer to MIL-HDBK-17 for specific fabrication and installation
requirements.

Design transparent panels as floating units where loading permits.
That is, edges should be flexibly mounted in a metal framework, which
in turn can be bolted to the structure.

Monolithic glass panels should have a shatter-resistant laminate on the
side facing the crew.

Stretched acrylic or polycarbonate plastic laminated panels should have
an abrasion-resistant coating on the inner face, and either an
abrasion-resistant coating or a thin glass facing on the outer face.

Mount all transparencies so that they can be easily replaced.

Clearly and permanently identify all transparent assemblies as to part
number and manufacturer.

Avoid passing mounting fasteners through transparencies, where
possible.
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ible sealant

* Seal all around outside edges of transparencies with a flex
orrosion.

to prevent moisture entrapment in joints, which may cause c

* Locate all heating element wiring and connections where they cannot

be accidentally broken or demaged.

®* On heated panels, spare Sensors should be incorporated into the lami-
nate for use in case of primary sensor failure.

6.1.7 HINGED ATTACHMENTS
* Make all hinges and hinge fittings replaceable.
* provide bushings which can be replaced after wear.

* provide for removal of pins on piano-type hinges.

* provide for lubrication where high operating loads exist.
* Assure adequate strength capability in hinges to withstand high wind
loads or overtravel when opening doors. ‘

structural members

* Do not make hinge fittings integral with large
ge would require

such as spar caps or stringers where hinge dama
structural replacement.

6.1.8 FASTENERS

Considerable controversy exists within the military and industry as to
the choice of fasteners for structural use. Also, applications vary somewhat

among different aircraft; however, some categorization can be made. The data

given here are the result of queries made to maintenance personnel at all

facilities visited.

Application Recommendation

Medium-strength permanent 2024-T4 Al alloy rivets (<200° F)
joints
2219-T81 Al alloy rivets («325° F)

High-strength permanent A286 CRES rivets
joints
6-4 Ti bimetal rivets
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Application Recommendation

Blind rivets CHERRYLOCK rivets

NAS1398 and 1399 (high temp)

Infrequent removal panels NAS1580 Hi-Torque bolts
Frequent removal panels TRIDAIR panel fastener with hex
recess

The fasteners which appear to require unduly high maintenance are:

* Taper-Loks - Difficult to remove for inspection and replace,
especially aluminum type
* Jo-Bolts - Pin loosens, and fastener corrodes easily.
® Cam-Loc - Corrodes in receptacle i
* Milson - Heads fail due to prestress. Retaining washers come
off, and stud is lost. Holes are elongated by tapered
ramp.

(NOTE: This is not a deficiency of the fastener but
the result of poor panel hole alignment.)

6.1.9 STRUCTURAL FASTENER SELECTION
Table I contains preferred parts selected for use in structural applica-

tions. The table provides an integrated summary of the characteristics of
most structural fasteners in common usage.

The weight and cost information presented in the table may be used as a
guide in selecting optimum parts. The terms low, medium, and high are
intended for comparison to similar parts (i.e., rivets compared to rivets,
etc). Where no direct comparison is possible, the temms refer to the relative 1
difference between the comparative fastener and solid rivets. 1
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